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1. Purpose. To provide LS Forecasters itk techniques particularly suited to o
short-period terminal forecasis of one to three hours.

2, Scope. This is Part I of a planned AWSM 105-51 series on terminal forecast- sl
ing, This Manuwal is provided Six an expansible binding so that additional parts,
chapters, or appendices can be ircluded later as issued, Part I is limited to very K
short-period terminal forecastirz methods based largely on extrapolation, Various s
techniques for forecasting visuzl elements are suggested as well as a systematic S
means of charting the surface ==& vpper-level conditions in the local region of ;
interest. Although experience with some of the suggested procedures is limited, they
are believed to have merit, and should be further field-tested where operational con- i
ditions r=rmit, This headquarters sheuld be advised of results of field experience b,
with these and/or other similer tecimiqres or aids to terminal forecasting, which .
will be ccnsidered for future revisions and parts of this Manval,

3. Alditiondl Coples. Tris Manual 15 stocked at Headquarters MATS, Cormand k
Adjutant, Publishing Divieion. Jldéditionsl copies may be requisit.oned from Head- Sl
quarters Air Woather Service, A77N: AWSAD, in accordance with AWSR 5-3, as amended. s
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- EXTRAPOLATION TECHNIQUES FOR SHORT-PERIOD TERMINAL FORECASTING .

a

B ' " Chapter I P
7N

- K ,'...('

INTRODUCTION ' . bt

The problem of accurate short-piriod temminal forecasting has long
been with us; however it did not become critical until the wide-spread :
use of Jet alrcraft. Flight plans for conventional aircraft are actu- ) ; N
ally computed on a "busted" terminal forecast basis, 1.e., alternate ;
plus a safety-margin-of-fuel consideration. This is quite critical
with jJets; owing to their high rate of fuel consumption, there is less
time to make decisions and change plans. Even where conventional air- Y

L !‘Wr - e e - - =
! ¥ '. f . .‘-'l'
‘. I')"l

craft are concerned, 1t is frequently overlooked that while the air-
craft may land "somewhere" safely, the operational impact on the mission L
of landing at an alternate may be tremendous.
The purpose of this Manual is to suggest the type of methods which g

et

are pecullarly sulted to prepu.ing forecasts for perlods of one to —
three hours. Some of the methods outlined deal with specific para- py

meters; othexrs are more general in nature. However, each technique may e
te used either indepandently or in conjJunction with other forecast con- .

siderations,

All of the techniques presented are based on a single forecasting ]
principle — extrapolatlion. Extrapolation is the most powerful short-
period forecasting tool currently available to the meteorologist. 'f;j
Although the potential value of other more "physical® forecasting prin- . ‘,:.:':f
ciples 18 not questloned, at this time the easiest and most rapid im- :

provenent in short-period terminal forecasting may be realized through
vigorous exploitation of extrapolation techniques. This Manual de-
scribes some of these techniques.
Extrapolation 18 the cstimating of the future value of some varia- o
ble from observations of its present and past values. In the simple
techniques discussed here the extrapolation is taken linearly, with
only very crude (1f any) consideration of accelerations., The quality i
and frequency of observations do not generally permit or justify use of :
more sophisticated techniques for treating accelerations, nor do short- —
period forecasts generally requlre them. Even the simplest methods, .-.‘_-':1
however, are quite sensitive to the quality and time-spacing of the
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observations as well as the quality of any analysis of these observa- '!ufn
tions, ' RN

In the case of short-period forecasting the quality of the obser-
vation 1is especially significant because of 1ts close proximity, in
time, to the forecast itself. 19ne hourly sequences obviously cannot
provide a complete nor even adequate picture of the weather under all
conditlions. When special conditions prevail, the REMARKS section pro-
vlides opportunity for amplifying the observation. This may be of great R
importance in bad flying weather. The observers and forecasters should il
utiilize the REMARKS sectlon as much as possible to this end. ’ »

Imminent introduci.oa of the rotating-beam cellometer and the
transmissometer emphasizes a problem which 1s particularly importan®
in short-period terminal forecasting, i.e., the very short-period vari-~
ation in celling and visibility. During occurrences of low ceilings T
and visibilltles these parameters cften vary by a factor of ¥ or so
around some mean value over periods of as little as one to three
minutes. For example, rotating-beam-cellometer records show cloud e
bases varying from a reported 300 feet to 200 feet and then up to %00 ;;;Q;
feet in less than one minute. Transmissometer records indlcate similar | JS—
occurrences relative to visibility. Even nore extreme varlations are
not uncommon, Unfortunately, little specific guldance can be given on
how to handle thils variablility problem from a forecasting polnt of view.
Nevertheless, it 1s important that roth forecasters and thelr customers
be aware ol 1t. Meanwhile, an experimental program to explore possible
methods for integrating thils type of ceilometer and transmissometer
information into current forecasting technlques is under way.

A3 further suggestions on short-perlod terminal forecasting become
avallable they will be issued as additional parts to this Manual or in o
other manuals. Fach detachment is encouraged to place in the binder T
for this Manual, other avallable material germane to short-period

- - [ .

forecasting.
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Chapter IX

NEPHANALYSIS

2.1. What is Nephanalysis?

Nephanalysis may be defined as any form of analysis of the field
of cloud cover and/or type. It 18 not yet a well-developed convention-
alized system of procedure, In particular, very little ﬁractical
experimentation has bveen done with the synoptic analysis of either
¢loudiness or cloud-type by means of special charts. The potentiali-
ties of specialized nephanalysis may seem to be obvious, but in practice
difficulties are encountered, viz.:

a. The cloud observations received in synoptic codes permit
only a highly generalized and incomplete description of the actual
structure and appearance of the cloud systems,

b. The obgservation stations are usually too far apart to per-
mit a representative pilcture of the distribution of many features which
have & high degree of spatial and time vairiability.

¢. So many parameters are observed that they cannot all be
readily analyzed on one chart.

In view of these limitations, 1t is recommended that all forecast-
ers consldexring the use of nephanalysis approach it with an open mind
for experimentation. They should select for analysir only the particu-
lar parts of the cloud observations which are important to the intended
application, and then adjust the chart scale, the degree of detall, and
the mode of representation to the character of the data and to the pur-
pose. The litesature unfortunately offers practically no guldance on
this. '

There wlll be some reluctance to adding speclal c¢loud charts into
the station routine. For many purposes, special neph-charts should not
be necessary bvecause sufficlent nephanalysis can be performed on the
regularly prepared surface synoptic charts, perhaps with the aid of an
acetate overlay. AtV present, few forecasters make full use of the cloud
reports plotted on thelr charts, and often many cloud reports are omitted
from the plotting. Obviously, the first consideration in nephanalysis
i3 to survey what cloud information 13 tranamitted and to see that
everything pertinent i1s plotited on the regular charts, For very short-
period forecasting the charts at 6-, 12-, and 2i-hr intervals are apt
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to bde insufficiently frequent; for use of the extrapolation techniques -
to be discussed below, Consideration, therefore, must be given to
plotting neph-charts or surface charts (for a small area at least) of
the intermediate 3-hourly synoptic reports and even of hourly sequencea.
A disadvantage of the .separate neph-charts 1s that the correlation of
the cloud analysis with the érialysis of closely related phenomena
(which usually aiso have to be forecast) 1s made more cumbersome. In-
tegrated analysis and forecusting of ceiling, visibility, :loud cover,
and precipitation is more economical and successful because these ele-
ments are physically dependent on the same synoptic processes, The
fact that the forecasting of each element is discussed separately in
this Manual is not meant to imply that such a rigid separation should
or can be follored in practice.

2.2, Iee's ¥sthod of Middle-Level and High-Cloud Forecasting with
Ald of Xephanalysis,

A report written by R. Lee [1], published by the Canadian Meteoro-
loglcal Service, contains a unique chapter on the use of nephanalysis
from hourly obsszvations in short-period forecasting of middle cloudi-
ness for termirais in eastern Canada. Some ideas and examples from it
are included in this Chapter. Lee used nephanalysis in several forms,
including special neph-charts, -to extrapolate movements and types of
general cloud asyztems, Thus, his nephanalysis appears as an aid rather
than as an independent method for producing the final forecast. (It is
concelvable, of course, that nephanalysis could be devised to provide
forecasts indepeadently of other aids, although this 1s belleved to be
inherently undesirable,)

2.3. Plotting znd Analysis.

Nephanalysis of the types used by Lee may be done as follows: -

2.3.1. Determining the Coverage of the Nephanalysis. Let us assume
that the area and shape of middle-cloud sheet changes relatively little
with time, 1.e., 1t 1is essentially translated. Then we can say that
the local changes at our terminal in the next few hours will dbe caused
by the existing sloud formations in the direction from which they are
moving. The cloud analysis over a band about 600 miles wide centered
on our terminal and oriented upstream with the current 500-mb flow 1is
gufficiant to inzlude all the middle and upper clouds likely %o affect
our terminal in the forecast period. The length of the upstreanm area
analyzed depends on the speed of the upper winds, or on the motion of
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the surface pressure system with which the neph-system is associated.
For example, i1f the clouds were moving at a speed of 60 knots, an analy-
818 extending 360 nautical miles ypstream would be adequate to forecast
middle- and high-cloud changes for a 6-hour period. _ s
2.3.2. Plotting. The extent and method of plotting a neph-chart o
depends on the individual synoptic situation and may be accomplished in ) i
a number of ways. It is essential in all cases, however, that the L
cloud reports to be used as predictors are plotted at sufficient loca-

tions to permit a quick and usable analysis to be made, ' ———j
Cloud information is transmitted in various forms in the several “-;

codes, Since many forecasters are not familiar with the scope of this ~
information, a 1isting of the pertinent groups, symbols, and specifica-
tions in each code as of December 1956 1s given in Appendix A, If
separate neph-charts ar: to be constructed, a special plotting model
must be dévised for the particular code reports desired. In general,

k i1t is recommended that the usual symbols or abbreviations for cloud o
a 1 type be used., However, in plotting from U.S. Airways Reports the NSNS
3 letters “3," "8," and "T" are recommended for "broken," "scattered," and PR,
4 "overcast" instead of the teletype symbols in order to avoid confusion e
:1 with the cloud-cover symbols in the station circle. Due to the differ-
ent specifications or concepts used in the codes, difficulties in

'_3 plotting and analysis may result from entering on one map reports trans-
» mitted in different codes., The confusion can be minimized by plotting ——
¥ 1 reports from different codes each in a different color. (See Appendix j:Zj;i':f
] A for sppliceble code forms.) e
;'_Z g 2.3.3. Analyzing for Neph-Areas: MNeph-Curves and Isochrones. The . ';‘.j‘-:'.j:‘j
ﬁ I ) neyh-system, or entire cloud pattern over a large area (cyclone, anti- PR
E‘ cyclone, ete.), can be analyzed into subordinate units, called neph- ' -

areas, which are outlined on a neph-chart (or on a surface synoptic
weather map) by toundaries called neph-curves. The neph-areas may be :
chosen as? 1) clear sky; 2) scattered Cp, Cys OF Cy; 3) broken Cp, Cy» e
or CH. The choice of neph-curves to be entered on a particular chart
depends on the type of clouds in which the lforecaster is interested.

i The attempt to analyze all possible neph-curves on one chart results in
too complex a piciture {e.g., see [2]). In sub-section 2.%.3 lower-
cloud and also middle-cloud neph-curves are illustrated, :
A An extensicn of the neph-arca analysis is suggested to facilitate . T
5 cloud forecasting by extrapolation; 1isochrones of past hourly positions ) :'-Z- -
of cartain neph-curves are added to the map. For example, the times
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(to nearest hour or half-hour) at which middle cloud first appeared for
upstream stuations could be ploited on a given neph-chart (or-on the
surface weather map) and isochrones drawn.

The drawing of neph-curves and isochrones 1s not without difficul-
ties due to the apparent complexity of the patterns or to parse data.
Usually, a degree of smoothing 1s in order — only experience can tell
how much. Particularly with lower-cloud systems, the spottiness of the
distributions may require a rather arbitrary nephanalysis unless suit-
able models can be developed. Limitations of the data must also be
kept in mind., Often on moonless nights, the observers can only guess
at the cloud types and amouats. Lower clouds generally show a marked
diurnal variation, Aliso, terrain influences can be more prominent than
those of the general synoptic processes.

2.3.%. Assoclating the Nephanalysis with Other Analyzed Charts and
Soundings. It is obviously of great importance in nephanalysis to
obtain an understanding of the relationship of the neph-systems, areas,
and curves to synoptic features such as weather distribution, flow
patterns, fronts, troughs, ridges, squall-lines, ete. When the neph-
analysis is done on- synoptic surface-weather maps, this correlation is
greatly facilitated. Otherwise, it 1s suggested that surface 3-houriy
frontal positions, 700- or %00-mb trough lines, instability-index areas,
Z-bar lines, dew-point spread lines (aloft), etc., be traced onto the
specilal neph-charts whenever it seems pe.tinent.

Z.4. Porecasting from Nephanalysis.

2.4,1, Extrapolating Neph-Curves. A simple, quick, and generaily
valid method of short-period cloud forecasting is by extrapolation of
the neph-areas ana curves, It may be assumed that accelerations are
relatively smmall and negligible over 3-hour perliods, Experience indi.
cates that this 1s acceptable — even in many developing situations.
However, where other synoptic considerations clearly reveal likely de-
velopments, the extrapolation of neph-areas can be modified accordingly.
This modification usually can be done by "eye.” For periods over three
hours, use of a graphical method such as Defant's [3] or Wasko's [4] on
the neph-curve movements possibly would be of value. The extrapolation
may be performed on entire neph-areas as units, on individual points in
the neph-curvcs, or on points in the 1sochrcnes of the neph-curves. It
i1s also advisable to carefully examine the nephanalysis and extrapola-
tions in conjunction with che corresponding upper-level contour charts
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(current, prognostic; and Z-bar) to see what cloud motion might be ex-
ﬁect_ed from the wind-rield. (Cloud systems generally move slower than
the winds* [5].) When the neph-curves cannot be determined accurately
due to a sparse station network, isochrones may be very inaccurate and
extrapolations from them cannot be made with confidence. Under such
conditions the previous cloud-changes with time at given individual up-
stream stations may be used to indicate probable future changes at
particular downstream stations. Here, it is assumed that stations
affected by the same neph-area(s) of a neph-system will have similar
weather {cloud) sequences. Obviously, in rapidly developing situations
the assumption 18 of limited validity unless the forecaster can track
the advective and developrrent trends separately. For example, suppose
that middle cloud made its first appearance at the upstream station at
1230Z, followed by a change to an overcast deck of altostratus by 1530Z.
Knowing the past movement of the clouds, or wind field at the alto-
stratus levels', and the distance between the stations, a first approx-
imation to the arrival of middle cloud would be 1230Z plus the time re-
quired for the cloud to move by translation alone. Due to the neglect
of other synoptic developments, the error in this forecast may be large.
However, once the middle cloud first appears, say at 1730Z, as scatter-
ed altocumulus, the timing of overcast conditions can de estimated by
the knowledge of previous events at the upstream station. That is,
three hours hence at 20302, it may be expected that the scattered
middle cloud will iIncrease and become an overcast deck of altostratus.
In a simllar manner, one can use the time intervals between the appear-
ance of overcast altostratus and the beginning of continuous precipita-
tion as a forecast indicator, or the interval between the deginning of
precipitation and the appearance of a lower cloud fom.

Some variation in procedure is in order not only according to the
element or cloud feature to be forecast but also accoxrding to the
character of a glven neph-system. Systems moviag at 30 to %0 lknots
were found by Lee to require a large upstrean nephanalysis area using
3-hour intervals only, limiting the intermediate hourly nephanalysis to
7 immediate upstream areas, The extcapolaiion is done on the nephanalysis
for the limited area, using the features identifled on the larger-area

* If 500-rd Z-bar chart is available assume clouds move with 80% of the Z-ovar flow;
otherwise ses Appeudix B for suggested simple alternative procedure,
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The extrapolation of lower clouds (like their analysis) will be
found much more aifficult than for middle clouds. The relation of the
& lower clouds to tne sy.optic features is compiicated by influences of
C terrain (heating. cocling, orographic effects, diurnal variation, fric- :
tion, etc.). As 2 vesult, the cloud areas are apt t7 show an irregular :
i translation, o that ex>.apolation may not be very successful even if
YR the difficuities in anxlysis sere oveocome. It 1s probable that exten-
E sive local experiesc. sac “he study of radar echoes (see Chapter VII) g
3 are ihe beat means of making short-term nephanalysis and forecasting of . ;
iower clouds a ) ~ctical art, '

Ar to accvrun .. the experience in Canada suggests an error of the
ord.: of half an Lowe for two hours in advance, This might be improved :
wit) increnced oxverience. XRelatively higher accuracy may be exp:cted ;:
e doeatiors ¢'ratly An tne path of a low than for those which ile oy
yies i ~he bordes of & . o 8ystem. : :
‘ 2.4..3. Fovecastd:y Weather with Aid of Neph-Progs. Having made an "'f
i ) extrapolation of neph aress and curves, isochrones, etc., a further ..‘.n
interpretation in terms of assoclated weather (precipitation, tempera-
E:, ; ' turz, ete.) iz often feasible. This, however, usually demands an equal
: consluozabisn of the rizr-mass structure, stabllity, moisture distribu- s
tion, pressure pattern, probable vertical motion field, ctes. Thua, the ,:S:._
nephanalysis becomes a special aild to the usual methods for general t:'
weather forecasting and serves to sharpen the outlook for periods of ‘
less than 10 hours. L

2.4.3. Ixamole of Nephanalysis of Lower and Middle Clouds for Fi::::
Northeastern United States, 10 August 1054, 0300-1200Z. Figure 1 shows r‘f"*
examples of nephanalyses using the proposed plotting model., Superim- |
posed on the nephanalyses ave the surface fronts traced from the 06302
surface map.

An 1llusiration of the technique of analyzing cloud-cover changes
withh isochrones 1is shown in Figure 2., The time= when overcast middle . 1_:
cloud first appearad at each statlion were abstracted from hourly weath- ';'
er reports. The change in overcast middle cloud was then analyzed by '.:::.“
drawing the isochrones. Other significant changes in cloud cover could 5.-_..:
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Figure 2, Time of Arrival of Overcast Middle Cloud, 03002 - .ﬁ,
12002, 10 August 195%4. N
be handled in a similar manner. ¥From the regular spacing of the iso-
chrones in Figure 2, it 1s apparent that the hest method of forecasting {}‘.’_E
the movement of the neph-system in this case would have been linear ' ?
extrapolation. s~
2.5, Addendum. | I
In the AWS 2d Weather Wing Techndical Bulletin for September 1956, -
Part II, pp. 45-56, is &n interesting article by Maj. Ed. S. Maykut on o
"Nephanalysls and Short-Range Forecasting." His method is mainly an . e
application to ADC problems at Orly, of the old (1923) Schereschewsky ZI.ZI
and Vherle method of nephanalysis (see Wea. Serv. Bull. Vol. 1, Nos. 1 e
and 2). This method 1s somewhat coarse-grained in scale and is tied to -
a iz0del of cloud distributlon arovyd 2 typlcal west-European occluded )
cyzlone, a model which has now been revised .somewhat in the forthcoming
new WMO International Cloud Atlas. This model protably cannot be used
universally without modification.
- w5
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Chapter III L

FRONTAL PRECIPITATION - . = -.=i:

3.1. Introduction.
For the short-period terminal forecast the question about frontal

precipitation is often not whether there will be any but when will it
begin or end, e.g., in cases where it has already begun upstream or at
the terminal. This problem is well suited to extrapolation methods.
The prediction of new precipitation areas, such as those assoclated
with new wave development, upper troughs, ete., of course, requires
straightforward synoptic methods. However. for very short-period fore-
casting, the use of hourly nephanalysis (see Chapter II) often will
gerve to "pick up" new precipitation areas forming upstream, in suffi-
cient time to alert a downstream target area. Alsn, the thickening and
lowering of middle-cloud {altostratus) decks, generally indicates where
an outbreak of precipitation may soon occur,

3.2. Forecasting the Movement of Precipitation Areas by Isochrones.

The areas of continuous, intermittent, and showery precipitation
can be outlined on a special large scale 3-hourly or hourly synoptic
chart, in a manner analogous to the customary shading of precipitation
areas on ordinary synoptic surface weather maps. Different types of
lines, shading, or symbols can distinguish the various types of precip-
itation (see Figure 3). Isochrones of several hourly past positions of
the lines of particular interest can then be added to the chart, and
extrapolations for several hours made from them 1f reasonable regular-
1ty in past motion is evident. A separate isochrone chart {or acetate
overlay) may be easier to use. Lines for the beginning of contlinuous
precipitation are illustrated in Figure 4, The isochrones for showery
or intermittent precipitation usually glve more uncertain and irregular
patterns which result in less satisfactory forecasts,

Where large-scale sectional surface weather maps are regularly
drawn, it may be sufficient and more convenient to make all the precip-
1tation-area analyses and isochrones on these maps.

3.3. Forecasting Movement of Precipitation Areas by Means of a Dis-

tance vs. Time (x-t) Diagram.
The idea of plotting observations taken at different times on a
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Figure 3. Precipitation Area Analysis, 0630Z, 10 August e
1954. The area of continuous 1ight rain which is hatched {
will be shaded in practice. : -

Figure %. Isochrones of Beginning of Precipitatlon, .
1 November 195%. kS
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dlagrum which has horizontal or vertical distance in the atmosphere as
ome coordinate and time &s the other .s very old and has deen used in
warious forms for diverse purposes bty numbers of meteorologists. The
time cross-sections much used in the tropics are a special case of this
device, where successive soundings at only one station are plotted.

1’ The diagram of Stidd [6] has successive observations from various air-
eraft along a given route plotted so that time is represented on a
distance scale. Lee [1] has used a dlagram on which successive obser-
wations for stations along a given route are plotted at points scaled
proportionate to the station separations. He calls it an x-t (%.e.,
distance-time) Diagram, which might te taken as a suitable general

- designation for the whole class of diagrams described above. On all of
Eé ‘} these dlagrams an analysis can be carried out analogous to that on

T &
L , PN
P

synoptic charts. Lee's version is of particular interest here because
1t is desligned for regions with a normall& dense synoptic network;

; whereas the time-cross section and Sz4dd Diagram are more suited for
sparse-data regions. In the United States and southern Canada the
forecaster can usually choose an axis line passing from his station
through a series of stations in the direction from which the weather
uwsually moves in, or from which it is expected during the particular
situation. This line forms the dirtance, or x-axis of the diagram.
The positions of the stations are cmarked off on 1t at thelr appropriate
scale distances, Seldom, if ever, will many stations be found to fall
exactly along a straight 1ine; therefore in practice their positions
are projected onto the x-axis. Tre time scale (increasing upward) is
erected at right angles to the orisin of the x-axis. Both coordinate
axes have linear scales. Observaiions for any time and points reason-
ably near the x-axis may be plotiad on this dlagram, using the standard
plotting models for alrways or synoptlc reports. 1\ sufficlently open
scale permits cpeclal reports to e fitted in easily, and hourly ten-
denclies can be computed and adZed %o the plotting. The resulting pilc-
ture has somewhat the character of a plotted synoptic chart and can be
analyzed accordingly. This type o2 dlagram has many applications in
short-period analysis and forecasting.

A situation involving an apsroaching cold front 1s illustrated in
Figure 5. The x-axls was chnsen at an approximately right angle to the
cold front. A smooth curve joins the succecsive positions of the front
as it passed successive stations. Such a curve can be extrapolated to
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Figure 5. An Example of an x-t Diagram, 19302, 14 October —

04302, 15 October 195%4.

The positions of the front relative

to the stations are indlcated by the heavy continuous line.
Showery areas are enclosed by broken lines and hatched.
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future times and thus provide a forecast as to when it will pass your e

terminal (normally, the last statlion line to the right). The accelera-
tion or decelerztion in frontal speed is indicated by the curvature of
the line, and tE%s curvature can (if sufficilently regular, of course) g

be included 1n the extrapolation. This method of extrapelation is s

generally feasitle and successful up to four hours. The resulis are
most a:curate w-=n the phenomenon is moving regularly and at moderate
speeds. When tzz complete synoptic models are plotted on the x-~t

Diagram, varlouz factors affecting local movement and development of

systems can be evaluated subjectiveiy in making the extrapolation. For m

example, the interrelations of fronts, visibilitiles, winds, clouds,

temperatures, r=essures, and precipitation can be readily considered. :::::j:

Lo

Moreover, locally important details of the situatlion missed on the N :I‘_:

large-scale rez-lar synoptlc weather maps can often be spotted and
followed on the x~t Diagram. On Figure 5, for example, two narrow
bands of pracirXtation are outlined. They evidently could have been
extrapolated fcr several hours with good accuracy.
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L Chapter IV - - t;‘.-.
LOWERING OF CEILING IN CONTINUOUS RAIN AREAS S

4,1, Prontal Situations.
The lowering of ceilings assoclated with continuous rain or snow
in wam-frontal and upper-trough situations is a familiar problem to .
the forecaster in many regions. The 6~ to 24-hour forecast of such Y
situations has been well discussed for the southeastern United States ~]
in AWS TR 105-82, December 1954%. 1In very snort-period foreccasting the
question as to whether or not it will rain and when the rain will begin
is not so often the ciitical one. Rather, the problem is more likely : ﬁi‘
to be (assuning the rain has started) how much will the ceiling lower o
in one hour, two hours, and three hours, or will the ceiling go below
a certain minimum within the three hours. The visibility in these o
situations generally does not reach an operationsl minfmum a3 soon &8 :};
the ceiling, and fog usually becomes no worse than light. Dolezel [7] ﬁgf
haa shown why the evaporation of rain into calm, lower alr — without ;ii
sufficient convergence, or advectlion, or turbulence — does not lead to =

saturation and will cause no more than & haze or light fog. At some .
locations, as near the Fast Coast or where upslope trazjectories are ﬂjﬂ
involved, advection effects may bring in molster ailr, stratus, or dense e
fog more or less independent of the rain-evaporation effect. (For e
forecasting in these cases cther methods must normally be used — see -
AUS TR 105-82, AYSM 105-%0, and AWSM 105-i44.) Once stratus has formed,
however, extrapolation of its displacement may be quite successful. e

It is important to recognize the dlifference between the behavior £

of the actual cloud-base height and the variation of the "ceiling" T"ﬂ
height as it 1s arbitrarily defined in airway reports. In continuous .

rain the true base of a glven cloud layer will descené gradually or
steadily [7]; whereas the ceiling usually drops rapidly and in step-
wise fashion — especially during the first few hours after the rain be- ;r,
gina. The reason for this 1s that below the precipituting frontal- .
cloud layer there are usually shallow layers in which the humidity 1is ju;
relatively high and which soon become saturated by the rain., The cloud A
base itself has small random fluctuations in height superimposed on its
general trend. Figure & ..lustrates this principle. Comparing radio-
sonde data and ceiling heights during rain at Portland, Maine,

16 \
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: Before Ceiling Dropped After Teiling Dropped o
Figure 6. Illustration of Rapid Drop in Ceiling with .:;:I
Occurrence of Rain. b
. Goldman [8] found that the ceiling was much below the main frontal cloud ..p
! base 1in more than half of the cases. He states the following empirical "‘
rules to aild in forecasting this discrepancy: N
‘ a. If the rain 1s of sufficient duration, a ceiling will occur o
: below 2000 feet (usually it 1s 800 feet).
b. During continuous rair a ceiling generally does not occur i
at the helight of temperature discontinuity (turbulence inversion) and/or K
. maximum humidity until after the occurrence of a celling corresponding :j—l;
. to the next higher level of temperature discontinuity and/or maximum _._-:;
humidity. o
. ) ¢. The celling remains »ractically constant until the next . et
lower cloud layer appears and increases sufficiently for its hase height
: to become the celling. :-:Zf
' These rules must be applied to a radiosonde ascent close to the :-j:
‘ rain area in time and space. If no such radiosonde data are available, __
i note the cloud-base heights reported in the rain area. -
17 RS




P N AT TN TIIT TN TR AT M VN T WL M mITT R W W — e g .
"~ - Ny [—— -

e Ty T ML ' % DAt YR IR g VW vV R e N R W Treang - .

LR B ~*."\.‘.‘ L S D L A S R A T A oA U oF & P R R

Tt ", <7 TN - Y

.........
........................

. - . o eg e kT gt —u e e g a e S en ey v a——— o, -
PRy ey 4 A -~ T oAmAE v evcwemgure- =g SR R S Mt rmE s Nermrenerp o - 4w e e .- e - . -
. 5 ? EERC PN e P o e e A s

- R : -
. - TR Y I . ~ - N .

- N - I . . e = 2 P N

s, i P . - . -

- P Uy “ VR . .
R T v, meen o N - AP et e T e Y . o L I
oo TR Ik Lk T RO S PR VAP EL. TR TR oS o SRS T N SR = T SIS 1o ) A VIS e e LT
Z V. apesinns cdbadde,

AWSM 105-51/1 T - Jamuary 1957
4.2, Tining of Lowering of Ceiling.

Forecasting the time when the celling of a given height will de
-"preached during rain is a separate problem. Goldman [8]), using physical
reasoning similar to Do) zel's [7], has developed a formula for estimat-
ing the moisture increase from rain evaporation. He thus devised an
objective method for predicting the time of occurrenceébtfa given-cell- L
ing at Portland, Maine. An empirical factor was necessary which may .
not be valid for points distant from there since it was determined only
for Portland. Specifically, Goldman's method requires the following:
1) a nomograph giving time after start of rain at which air becomes
saturated, as a function of wet-bulb depression at start of rain (from
raob); 2) a table giving average values of temperature change (degree/ A
hour) for various trajectory directions and cloud-base heights; and L
3) solution of an equation relating the temperatvre change to the time %:;
for ceiling to reach a given height. He also developed a nomogram to ) ~;1
estimate the wet-bulb depression aloft from surface data, for use when .J,
raobs are not available, The verifications for the objective method -
were quite good. Qualitative consideration of other factors shovld im-
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prove the results:
a. If a front or trough (with which low cellings are associ-

ated) lies nearby, then the celling may lower more rapidly than fore-

cast.
b. In cases of heavy rain or snow, the ceiling will lower more . oo
rapidly than forecast near the beginning of precipitation. ;;_
¢. With strong turbulence near the ground the time of forma- ﬁff
tion of very low clouds may be underestimated, while the time of forma-
tion of clouds near the top of the mixed layer may be overestimated.
d. Ceilings may not lower as rapldly as forecast in cases of

intermittent or showery precipitat’on. .
The time a ceiling of given height will occur ray be under-

e.
estimated if there is only s8light advectlon of moist alr at that level; iy
if there 1is dry-air advection, the ceiling may rise (e.g., near the . ':
time rain ends). -

If we lock upon evaporation as a slow and regular process which
will give the basis for a simple extrapolation forecast, then the above
factors will speed up or slow down the rate at which the celiling lowers.

4.3, Extrapolation of Ceiling Trend by Means of an x-t Dlagram.
The same sort of distance-time diagram 1llustrated in Chapter III N
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can be used to extrapolate the trend of the ceiling heishit in rain.
The hourly observations should be plotted for statlons-meer a line par-
allel to the probable movement of the general rain area, originating at =
your terminal and directed toward the- on-coming rain ares. Ceiling-
time curves for given ceiling heights- (2000, 1500, 1000; 550, 300 feet,
etc.) may be drawn and extrapolated. There may be systematic geograph-
ical differences in ceiling between stations due to locsl (topographic)
influences which cause irregularities in the curves. Sucsx differences
sometimes can be antlcipated from climatological studies, experience,
or general inferences. In addition, there may be a diuvw=zl (thermal)
celling fluctuation which will become evident in the curvss in slow-
moving situations. Rapld and erratic up-and-down fluctuztions also
must be dealt with where the celling is uneven due to scud or "holes”
of small diameter. In this case a amoothing of the curves may be neces-
sary before the extrapolation can be made. This protably will cause
the forecast to be pruportionatcly less accurate. .
In view of the discussion in Sections 4.1 a2nd 4.2, 1 is not ex-
pected that mere extrapolation can be wholly satisfactery 2t a station
vhen the ceiling lowers rapidly during the first hours o rain as new
cloud layers form bemeath the front. However, by follcwI-g the ceiling
trend at surrounding stations as well, a pattern of the =zmupt ceiling
changes may dbe noted. These changes at nearby stations x=ere rain
started earller may give a clue to the likely sequence &t Four terminal.
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THE TREND CHART AS AN EXTRAPOLATION AID
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5.1. * Purpose of the Trend Chart. _
L The trend chart can be a valuaﬁle forecasting tool when it 1s used -
o ' as a chronological portrayal of a group of related factors., It has the
g;j added advantage of helping the forecaster become “"current" whLen coming
E%i on duty. At a glance the relleving duty forecaste; 1s atle to get the ,

picture of what has been oceurring at his terminal. Also Le is able to b
see the progressive effect of the synoptic situation on the weather at 5.
his terminal when the trend chart is used with the curren’ map.

1
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The format of a trend chart should be a function of what 13 desired
from 1%; consequently it may vary in form from station to station. It
should, however, contain those elements which are predictive in nature

%§~ 5.2. Trend-Chart Format. >
J >

Q: as well as the quantitative values of parameters to be forecast — such )

) as ceilling and visibility. With this in mind, a suggested format is %i;
o outlined below, .
7 : -‘1

- 5.3. Using the Trend Chart.
- The trend chart is merely a method for portraying graphically what
forecasters generally attempt to put to memory. Included in the usual .
technique repertory of most forecasters is a 1ist of key predictor sta- -
: tions. The forecaster utilizes the hourly and special reports from .ﬁ;
- t these statlons as zids in making short-perlod forecasts for his own 2
terminal. Usually, the sequences firom these predictor stations are
scanned and committed to memory. Stepwise, the method would be as M
follows: . -
a. Determine the directlon source of the weather, 1.e., up- ' -
stream. i
b. Select a predictor station(s) upstream and watch for the a?“
onset of the critical factor, e.g., rain. ——
¢. Note the effect of this factor on ceiling and visibility !
at predictor statlon(s). | i
d. Extrapolate the approach of the factor to determine its -

onset at your terminal,
e. Consider the effect of the factor at predictor station(s) =

. )
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in forecasting its effect at your terminal,
The main weakness in this procedure is its subjectivity. The _
forecaster is required to mentally evaluate all of the information
_available on the hourly sequences both for his own and his predictor
station(s). The trend chart is a means to graphically portray the se-
quences and make extrapolations more objective. ‘
The question thus arises, "How many trend charts do I need?" The
answer depends on the'synoptic‘situation. There are times when keeping
any graphic¢ record at all is unnecessary; whereas at others the trend
for the local terminal may suffice., There should be some blank
charts available rhich may be used to start recording at any time as
the need arises., The AWS Form 72, "“Station Continuity Chart," 1s a
related type of record, although it is basically an analysis aid.
The trend-chart format shown in Figure 7 is but one suggested way
of portraying the weather record. Experimentation and improvisation
are encouraged to £ind the best form for any particular locaticn or

problem,

5.4, The "AWS Terminal Forecast Sheet."

In the AWS Operations and Flying Safety Digest, May 1954, a "Ter-
minal Forecast Sheet" was discussed for use as a terminal forecast ald.
Since it is quite difficult to retaln a mental picture of specifice
weather data hour by hour, the Terminal Forecast Sheet (see Figure 8)
glves the forecaster a continuous visual check of both actual and fore-
cast terminal weather. Each time the observer enters an observation on
the WBAN 10, he brings it to the forecaster to check the actual prog-
ress of the weather hour by hour with the forecast entries. Thus, it
18 quite easy to see in symbolic form when and how the forecast 1is
golng awry. For example, the check will alert the forecaster vhen the
celling is lowering mich faster than expected or when the overcast
starts breaking a couple of hours early,

Figure 8 33 a sample Terminal Forecast Sheet which may be used as
a guide. The circled entries show an amended forecast. The forecaster
changed his mind after the 0530Z TFAWS was transmitted. It was obvious
to him that he had teen entirely too optimistic; so the circled entries
were made into a revised TFAWS transmitted at O630E, The use of differ-
ent colors on the form (for example, red for observations contrary to
fyvecast) may show inconsistencles in an even more striking manner.,
vt IFR, and GCA conditions could also Ye outiined in different colors.
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TERMINAL FORECAST SHEET T R
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Chapter VI ] '_. o ‘:if
"PTE-LINER" CHART AS AN EXTRAPOLATION AID - .© - RS

6.1. Purpose of the Tiwe~Liner.
In the preceding chapters, several methods have t-2en :lescribed for

"keeping track of the weather." Forms of time-distance charts, iso- . _
chrone devices, trend charts, etc. have been presented. It is not R
necessary to utilize all cr most of these idecas simultaneously. The T

device described in this Chapter, however, is designed for use in com-
bination with one or several of the methods deseribed. Time-Liners are
especlallv useful for iscchrone analysis and extrapolation theiefronm.

Tnasmuch as a larze majority of dincorrect short-ranze terminal .
forecasts result from poor timing of weather already occurring "up- -
stream,” a device such as described below may improve this timinrg. _

6.2, Construction of the Time-Liner. i::

The Time-Liner is simply a local~area map which 1s ¢ vered with —

plexiglass and constructed as follows:

a. Using a large-scale map of the local area (e.g., Sectional .
Aeronautical Chart), construct a series of concentric circles centered :iﬁ
on your station and equally gpaced from 10 to 20 miles apart. The dis- ;@
tance from the center o the outer cireclr depends on your location but 'f»
in most cases about 1C0-150 miles suffice. in

b. Make small numbered or lettered station circies for muny bi
stations located at varying distances and directions from your terminal,
Statlons with a high predictor value, relative to your own terminal,
should Le selected, Thls muy be determined by experience, local fore-
cast studiles, and climatology. Usvzlly, however, the reporting network

i1s not "so dense, and rost nearby stations can be spotted., In addition .

to the station circle indleators, significant topographical features

such as rivers, mountains, etc. may be indicaz%ed on the bas2 dlagran. ) N

(Aeronzutical Charts, of course, include these features.) :‘:
c. Cover and bind the map with transparent acetate or plexi- :55

glass. 5$‘

6.3, Plot%ing and Aralysis of the “ime~Liner (See Figure 9). ——
By inspection of his latest surface weather map, seguences, etc.,
the forecaster deternines a sectlon of the dlagram and the parameters R

24
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to be plotted. . This will usually comprise about one third of the cir-
cle in a direction from which the weather is approaching. The observer
(or forecaster). then plots the hourly weather SPECIALS'ror those sta-
tions desisnated by the forecaster, being careful to plot the time of
each SPECIAL observation. - .

Overlay the circular diagram with another piece of plexiglass and
construct isochrones of the parameter being forecast (e.g., the
time of arrival of the leading or trailing edge of a cloud or precipi-
tation shield). The spacing between isochrones can then be extrapo-
lated to construct "forecast isochrones” for predicting the time of
arrivai or occurrence of the parameter at your terminal,

The Time-Liner 1s admittedly a "quick fix" tool; however the fact
that it can be plotted and analyzed quickly (say, ten minutes observer
time and about five for the forecaster) is a strong point in its favor.
If convenient, the distance scale can be constructed to coincide with
the scale of the local sectlonal map used and the isochrones overlaid
on the latest analyzed map. This males a particularly effective brief-
ing ald, since the crew member being briefed can see what he is being
told by the forecaster regarding the local area.

The prime use of this device 1s, of course, for timing or extrapo-
lation purposes. It cannot be emphasized too strongly that accurate
timing 1s a most important facet of short-perlod terminal forecasting.
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! ' Chapter VII
USE OF RADAR IN TERMINAL WEATHER FORECASTING , SRR

/ 7.1. Introduction.

et | Although radar meteorology is still in 1its infancy, certain aspects g
" are quite well understood and can be used to good advantage in making ool
11 short-period terminal forecasts. - N
"o Radar enables the forecaster to look at the weather picture on a n
K B

scale mid-way between the strictly local weather observation and the .
synoptic-chart pilcture. The forecaster, however, must become thorough- A
) ly familliar with the local peculiarities of radar return caused by
S I topography and anomalous propagation asituations at his station.

T7.2. BRadar Scope Interpretation.
1 Weather patierns ave generally so complex that 1t 1s customary to
3 use greatly simplified schematic models as guides in analyzing them.
This is particularly true of precipitation patterns. With radar, pre-
conceived pattems are not necessary since the radar clearly shows the ;
detalled structures which are present within the general precipitation ?%ﬂ
areas. The PPI (Plan Position Indicator) scope should be used in each e
situation to determine the character of the echoes which are classifled e
as: 1) isolated, 2) a line of echoes, 3) area echoes, or 4) area s
echoes with lines superimposed. <Scattered echoes may be related to R
alr-msss weather; lines of echoes, to squall lines or ccld fronts; el
certain chavacteristic curves in echo lines, to frontal waves; wide-
spread relatively homogeneous echL> patterns, to warm frontal precipita-
tion under stable conditlons (banded structures under less stable con- . :
ditions). ; s
1 7.2.1. Identification of Precipitdtiod Areas. One of the most im- ' ig?
portant uses of radar for the terminal forecaster is to help hia locate s
' existing precipitation areas in the vicinity of his terminal (up to 250 T
miles). Once a storm area has been detected, the movement and growth "
of the asystem can readily be determined by making successive observa-
3 tions and noting the changes in position and size of the echoes, The
; movément indicated from succassive observations should be extrapolated
’ to determine which storms, if any, are likely to affect the terminal
area {sssuming that the indlcated movement will continue). Obviously,
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therefore, attention shoul‘d'l;e'- focused on poi:entially eritical upstream
areas. When it appears that a particular storm area 1s going to pass e
over a2 terminal, the weather conditions which have been reported to be j-I:":I
in this storm area should be forecast for the extrapolated time. Qf ) A
course, allowance must be made for modification by significant local it
terrain effects and for tendencies of the area to change in size and e
intensity as indicated by successive radar observations.

7-.2.2. Layers and Cells. The general appearance of weathor echoes
on the PPI and RHX (Range Height Indicator) scopes identifies the type
of precipitation in the area. If the weather return on the PPI scope P
18 quite uniform and not distributed in sharply defined cells, it indi-
cates stratiform clouds and precipitation. On the RHI scope this situ-
ation is even more pronounced since the layer resembles a horizontal
stratus cloud extending out to the limit of detection. When the weather ,.M.
echoes on the PP are in the form of individual cells, the precipitation ' s
1s due to convective processes such as showers or thunderstorms. This o
is also particularly evident on the RHI scope. On both scopes the
edges of the echoes are well defined, but 1n addition on the RHI the
echoes are tall and narrow. When convective activity 1s superimposed
on general precipitation, the cells appear as intensifications of the
echoes along vertical or nearly vertical lines. Individual echoes, of g ;’.j«:lj
course, are usually from cells which "feed" on the air around them so e
that these echoes appear to move with a speed somewhat less than that ey
of the wind. Also, they may tend to grow in a particular direction b
giving a distorted impression of movement. It rust be borne in mind ' e
that on the radar scope the ‘11fe span of an individual cell in a
thunderstorm area is of the order of 20 minutes to an hour; however
other cells may generate in the vicinity.

7.2.3. Rain or Snow. Since water droplets scatter about 5 times
as much energy as corresponding snow crystale, the return from snow
tends to be weaker; and the differences of intensity within a snow storm
are generally much less than in a rain storm. A typlcal PPI presenta- .
tion of snow is a uniform hazy or coarse echo with very diffuse edges.
When both snow and rain are present, as 18 the case when snow falls
from a higher cloud but melts to become rain before reaching the ground, ROt
the echo differences are particularly strilking on the RHI scope. Above
the melting level, the returns from snow crystals are weak; at the ....._
melting level where the flakes first become coated with water the . I:j:.-;
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Teturn 1s very strong; finally, as they continue to fall as raindrops, =

thelir fall velocity increases, and the radar reflectivity decreases.
This gives rise to a "bright band" assoclated with the level of melting
as discussed below. N

7.2.%. The Melting Level. An estimate of the height of. the melt-
ing (freezing) level in precipitation areas near the terminal often can
be given by the RHI scope. For this, the radar operator should slowly
reduce the receiver gain while the antenna is scanning in elevation.

An area of stronger return known as the -"bright band"” (or melting zone)
near the suspected altitude of the 0°C isotherm will be visible on the
scope. This "bright band" will be slightly below (300-500 feet) the
freezing level of the area beilng scanned. Short range will give the
best results on this observation. A well-defined and thin horizontal
bright band 13 indicative of a very stable alr. Under extremely un-
stable conditions, however,_ tihe layer ?epresented by the bright band
becomes 8o deep and mlxed up that there i1s little or no effect notice-
able on the radar scope.

7.2.5. Observation of Vertical Wind Shear. When the precipitation
1s showery, the cells may be seen on the RHI scope as separate columns
of falling rain or snow. These columns often are distorted from the
true vertical by wind shear. To observe this shear effect clearly the
antenna must be scanning in the same plane as the wind shear. To do
this adjust the azimuth until the greatest distortion from the verticai
i1s observed. Such observations give helghta of shear zones and a qual-
1tative estimate of the shear, but considerable experience as well as
an accurate knowledge of the fall veloclties involved are necessary for
more quantitative evaluation.

7.2.6. Stability, Instability, and Turbulence. Radar can be use-
ful in a qualitative evaluation of the degree of turbulence near the
terminal in those layers where precipitation is forming or through
which it 18 falling. Horizontally stratified echoes are indicative of
smooth alr; whereas vertical columns or cellular echoes indicate verti~
cal motions which cause turbulence to alircraft. As previously men-
tioned, the sharpness of "bright band" 1s an indlcation of the stabili-
ty involved. Sharp wind-shear layers are also an indlcation of asso-
clated turbulence.

It is well-known that the most severe turbulence (as well as heavy
icing and damaging hall) 1is associated with actively developing thunder-
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storms extending to great heights. During this dangerous growing stage, g ™
the top of the radar etho rises rapidly. The growth can beat be fol- ' %‘7‘;1
lowed dy using the RHI scope and scanning vertically on the azimuth - I i
which includes tl_xe“ highest echo. Subsidence of the top of the echo in-
.dicates the end of convection and the resulting decrease of turbulence

in that particular cell or group of cells.

T.2.7. Alireraft Icing. Radar information ray assist in estimating
aircraft lcing conditions near the terminal. As mentioned in the prev-
ious sub-section, the most severe icing is found in tall growing cumu-
lonimbus above the altitude of the melting zone. In such caées, the
absence of a bright band near what is known to te the freezing level
i3 an indication of enough convection to cause serious icing within
radar echoes above that level. The most severe icing should be fore-
cast near the top of the rapidly growing echo where the liquid water o
content 18 a maximum and the temperature may be well below freezing. :kj
In the mature stage of a thunderstorm the snc. at 4its top may become é?;'.:
'heavy enough to give a diffuse or fuzzy echo with a weaker return than ' tj.';:
the 1liquid water. This difference of echo appearsnce 1s useful for i :;_:
predicting icing probabilities in the various parts of the clowd. =

With experience the terminal forecaster snould be able to apply
the observing ability of weather radar to his advantage in solving fore~ -
casting problehxé for specific types of operations not covered in this .:-'::
Chapter. With the further development of new techniques and equipment, Xy

why ./,-'

iy
’

N
Py {'l

C o

X

even more -extensive use of weather radar will aid the terminal weather :
forecaster. ' .:::.
For further information and 1llustrations refer to the following ' I-E:'.
publications: = R : -
1. A{S TR 105-97, "The Use of Radar in Weather Forecasting" -
(especlally Se:ction II), November 1952. : ' =

2, AWSM 55-6, "Operation and Utilization of the AN/CPS-9
Radar," (especially paragraphs 2600~3830), April 1955.

3. "Radar Scope Interpretations of Wind, Hail, and Heavy Rain
Storms Between May 27 and June 8, 195%," G. E. Stout and H. W. Hiser, -
Bull. Amer. Met. Soc., Vol. 36, No. 10, December 1955,
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. " Chapter VIIL ]

UPPER WINDS

22 T2 viéw of the rapid increase of wind variability with time, a R
R most important step to improve upper-wind forecasts is to systemati- "]
' 4. cally chart the 6-hourly winds. Obviously, more accurate shert-period :

. 4 upper-wind estimates can be made by using winds only 3-9 hours old “

1 (from 6-hourly local wind analyses) than from winds 8-20 hours old . 3

. 4 (from facsimile contour analyses). i
E Since upper-wind observing is still far from perfect, the wind re- g
. a ports often contain large errors which become b.pparent when contimty f-
'f is applied., Vertical smoothing of the wind profiles should also be a
part of this wind criticism. The observer plots the wind profllea for -

about 8-12 rawins within the local reglon of interest as well as up~ o

stream. The forecaster can then by use of 6-hourly continuity scrutin- -
ize the profiles and smooth them to eliminate observational errors as
well as non-representative and eddy-type features.

The winds of these smoothed profiles should then be plotted om
three small maps corresponding to the level of the maximum wind as well
1 a8 the levels rei:resenting the upper and lower limits of operatiomal iy
interest. Vhen these small regional charts are analyzed for stream- N
Iines and 1sotachs, simple extrapolation based on these charts in con- >
ju.pction with both horizontal and vertical inferpolation will produce

\ any desired spot-wind forecast in the vicinity of the local terminal,
{ ’ P
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‘ APPENDIX A f
". CLOUD INFORMATION FROM CODE FORMS IN COMMON AWS USE . B
(See sub-section 2.3.2) : . / ‘
i Al. International _Synoptic Code (and Marine Code). - -
-} a. Use: . . .

i (1) 3-hou'ly: United States and Canada Do

: (2) 3-, 6-, or 12-hourly: Overseas , N
i b. Symbolic Form (groups with cloud data). ----- NAAre VVwwW 7
. K, C hC G,y —--=- (8N Chh ), where: <

o : (1) N = fraction of sky covered by cloud.

e ’ (2) N, = fractlion of sky covered by type of cloud re- .
d ported for C; or Cy (not Cy); WMO Code 6. If all e
3 % , clouds are C; or Cy, then N = Np; N, may equal but "‘“
R never exceed N,
q (3) €, = predominating (Table 1, Circ. N) type of lower '.'ljz
G cloud, Se, St, Cu, Cb; WMO Code 11 (Table 8, Circ. N). ]
ER (%) h = height above ground of base of cloud; WMO Code 43 ol
LA (Table 9, Circ. N): h for C_ 1s height of lowest
g visible cloud patch. :
, (5) Cy = predominant type of middle cloud: Ac, As, Ns; :
i i WMO Code 12 (Table 10, Circ. N). s
T_:.*_" i (6) Cy = predominant type of high cloud: Ci, Ce, Cs; i
- g WMO Code 13 (Table 11, Circ. N). T
}t : (7) N8 = fraction of sky covered by individual cloud ::jl
S layer of type C; WMO Code 60 (Table 1, Circ. N). =)
= (8) C = type of cloud; WMO Code 10 (Table 17, Circ. N). .

4 (9) hgh, = height of base of cloud layer whose type is .
N indicated by C; WMO Code 40 (99 numbers, Table 18, :
N Cire. N). .
> ' A2. U.S. Airways Report. —
o { a. Use:
NI ! (1) Teletype: United States and Canada.
S 1 (2) Radio: Far East. o
X : b. Porm (contents pertaining to clouds). Celling/sky/condi-
_ i ' tion/~---/weather/REMARKS: --- cloud data -«---. ST
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c. Specifications (see paragraph 1100, 1400, 1510-1541 of Eii
Circ. N and AWSH 105-22). Ceiling given as height of lowest layer re- .
ported as broken (.6-.9 sky cover), overcast (10/10) or obscured, in ti;
nearest 1CQ feet up to 5000 feet, or nearest 500 feet from 5000~10,000 }3;
and to nearest 1000 feet for ovér 10,000 feet above field. Sky cover i4§f
13 given for each Iayer; the sum of these 1s total sky cover. The b
cloud type for each layer reported under ceiliné and sky 1s stated ' i
along 1th heights of tops in the "Remarks." oy
A3. AERD Code. ' L
a. Used in hourly or %-hourly alrways reports: Europe and -~
Asia. e
b. Symboiic Form (groups with cloud data). ----NAdff fii
VVww === 8N80h8hs'----, where: . ﬂf?
(1) A = fracticn of sky covered ty cloud (or total sky !
cover); WNMO Code 60 (Table 13, AWSM 105-24). Ny
(2) ww = present weather; WMO Code 92; items 00, O1, 02, 3
and 03 give tendency of state of sky (Table 19, o
AVSM 105-2%). E;

(3) W = past weather; WMO Code 90 (Table 18, AWSM 105-24) ~ e

items 0, 1, and 2 give durstion cf sky cover.

AL, AIREP Revorts.
a. Used in volce reports from transport ailrcraft to ground

stations,
b, Form is 1in clear, abbreviated text which includes present

weather (past 10 minutes) as well as cloud type, amount, and altitudes
of bases and toga.
AS. POMAR Code. .
a. Used for reports from transport aircraft,
b. Symb:iic Form (groups with cloud data), —w--- 2Cghyh.

lcehththt ----- » wWhere:
(1) ¢, = cloud type in code (see AWSM 105-22, Figure 5).

(2) h, = altitude of base of cloud C, in decameters or
hundreds of feet.
(3) n, = altitude of top of cloud C,.

A6. RECCO Code.
a. Used by regular weoather reconnaissance flights (United

States and Grea* Eritain).

33

A% et et A et e e e s e
e et et . L R U
. L W A SR ., v e . “ e e P

S ) - ot et . B I T

.....




T e AL re e S L e O LAY
- 3 ’,
) AWSM 105-51/1 January 1957
: b. Symbolic Form (groups with cloud data). -----me_IMﬁ
:_- - b c'QNQBQSQH lanIN?.NS ChhHH ~~ew- GWSSSVcD' ———— &d’eaec-ele
IR (1) w =present weather: 1items 0, 1, and 2 give sky
* - cover _(see paragraph 3107.1 in AWSM 105-34). ’ EE:
/ {(2) W = past weather (same code as for w). ' .~
L (3) £,' = flight conditions: gives amount of cloud cover ;Eﬁ:j_ﬁ
: (see paragraph 3108.1 in AWSM 105-3%). e
? (1) Qq, Qg etc. = weather in north, east, ete. iuadrants: ‘ ::_l_;l-_i
: items 1, 2, 3, %, and 9 give character of cloud cover - © R
s from 30 miles to limit of vision. P E
: ' (5) k, = number of cloud layers reported (Nl, Ny, Ng, . _:_‘_:l‘:
: ete). . E 4:
p : (6) N,, N5, ete. = cloud amount, layer 1, 2, ete., in
{ octants. e
R I (7) C = cloud type, in eode (see paragraph 3110.1 in 5
o ' AWSM 105-34). o
:'::I"“’-1 ‘ {(8) hh = helght of cloud base (above msl) of layer whose -“,'.'_
S form 18 given by C and coverage by N, in code (see .._..
E j paragraph 3110.21 of AWSM 105-3%). ]
N (9) HH = height of cloud top (above msl) of layer C, same A
- 1. code as for bh, e
(10) - W, = weather off-course, not predominant in any one '
, quadrant: items 1, 2, 6, 7, 8, and 9 give cloud o a
: types or states of sky, in code (see paragraph 3115.% R
: of AYWSHM 105-3%). :
- (11) "8" groups, give radar-scope echo distribution (see I S
paragraph 3119 of AwSM 105-3%). =
'
£AS
.
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APPENDIX B _ :

NOTE ON RELATION OF WIND FIELD TO CLOUD MOTIONS o - _L_;

) - '.; . - |-

The relation between the wind field and cloud motions cannot be -

stated as a simple rule. The individual cloud elements, over short I:

2 periods of time at least, generally move with the wind where. they are.

; E But the large-scale motlion of a cloud system as an entity depends on r—"-
F the motion of the associated areas of convergence or vertical motion,
; s0 that no universal general relation to the horizontal wind speed is “f:_:{.
- known. Since in middle levels the winds usually move through the j:"_:'.'-

4} troughs and ridges, it can be said that the middle-cloud systems are m&

i generally translated somewhat siower than the winds, 1.e., from 50 to .L_-.~':>.

% 90%' of the wind speed. Studies have indicated that the middle-cloud

i systems should move at about 80% of the 500-mb Z-bar flow {see

3 AWSM 105-50/1 and [5]). In general, this relationship is, of course, R

i ) useful only for those few detachments which make or receive (via fac- {:.—

'i simile) a 2Z-bar chart. A short-cut method, however, for estimating . '_:::

i the 500-mb Z-bar flow at the point of interest (e.g., edge of an over- _-Zj-..j
cast cloud deck) 1s proposed as follows: Make a 6 latitude-degree grid ":j:jz_fﬁ

_ J}- around the point and oriented parallel to the edge of the cloud (or m

neph-curve); read off “he 500-mb contour heights at these polnts and L--»«-

4 compute AH = %(33 - H2 + H,’ - Hl), the mean-height dicference across

- the grid normal to the cloud edge (see Figure Bl). The speed of the DY

3 neph-curve or cloud edge can be evaluated with ald of the well-known
b relation - i

E ' v-0882%%-o0.8 22 nftx;l.)’ I

’ } where .8 1s de~imal fraction of the space-meaned flow at which the

:':_f _ clouds should move, -ﬁ—g (or Zy ) is the gradient of the Z-bar flow N

] expressed as 100's of feet per 6 latitude degrees, and K the latitude Li,..

F factor %—i—r‘liz;. Choosing 6°® x 60 n.m, = 360 fox AN, multiplying by 3 for :;'._:j:

s 3-hour displacement, and dividing by 60 n.m. (for one latitude degree), N

3 gives a working formula for the sgeed of the neph-curve, SL’ in lati- \_

tude degrees per 3 hours, SL = -0—7-5!-(- AH, or % For greater simplicity e 13

F : we reduce .8 to .72 and get SL = }j%% The values of K are (from L‘“’

N AWSM 345-1 Rev): : . ..
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' ' for 60° Latitude: 25 _ : o
for 50° Latitude: 28 . :
.for 40° Latitude: 33 _ BN
N ) for 30° Latitude: 43 ' : RS
The 6 latitude-degrees must be measured in terms of the latitude of the .
point of interest, to allow for the changes in chart dlstance with 5;
;; latitude, However, on the Lambert conformal chart, a single 6 latitude- ’ {j
E degree plastic-overlay template constructed for the scale at the stand- e
p ard paraliels can be used with sufficient accuracy. The evaluation of f‘“
E 8L from AH and ¢ is quickly made on a nomogram, such as illustrated !
E here (Figure B2),
3 For levels lower than 500-mb, the advection factor .8 would prob- e
% ably incrsase to about 1.1 or more. These factors have been determined e
5 empirically as best-fit averages and there are, of course, deviations ;j?
in individual cases. The standard deviation at 500 mb is about 18%, o
and at 700 mb 25%. L
The above procedure 13 recommended only for points where the past j{}
} history of the cloud movement 18 not accurately known; otherwise pure ?"
Pt
) extrapolation 1s probably as good or better, at least for such short £y
) periods as 1 to 3 hours, &%ﬂ
! i)
;é;
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: '_l::-:'.
b I S .::' .
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‘ Ha gzé:::s ' ' ?t?
; \ tAN .':‘.:
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; oecrees M3 S
) s AN o
] ::::-:
NEPH- CURVE ' T
Figure Bl. (@rid for Computing AH,
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